The purposes of this study were to (a) investigate the efficacy of a core fraction intervention program on understanding and calculation skill and (b) isolate the effects of different forms of fraction word-problem (WP) intervention delivered as part of the larger program. At-risk 4 th graders (n = 213) were randomly assigned at the individual level to receive the school's business-as-usual program or 1 of 2 variants of the core fraction intervention (each 12 weeks, 3 sessions/week). In each session of the 2 variants, 28 min were identical, focused mainly on the measurement interpretation of fractions. The other 7 min addressed fraction WPs: multiplicative WPs versus additive WPs. Children were pre-and posttested on fraction understanding, calculations, and WPs. On understanding and calculations, both intervention conditions outperformed the control group, and the effect of intervention versus control on released fraction items from the National Assessment of Education Progress were mediated by children's improvement in the measurement interpretation of fractions. On multiplicative WPs, multiplicative WP intervention was superior to the other 2 conditions, but additive WP intervention and the control group performed comparably. By contrast, on additive WPs, there was a step-down effect in which additive WP intervention was superior to multiplicative WP intervention, which was superior to control.
smaller quantities just as dividing fractions produces larger amounts. This violates multiplicative expectations based on whole numbers.
We therefore designed the present study's focus on "splitting" and "grouping" WPs.
Examples of splitting and grouping WPs, respectively, are: "Matthew has 2 watermelons. He cuts each watermelon into fifths. How many pieces of watermelon does Matthew have?" and "Keisha wants to make 8 necklaces for friend. For each necklace, she needs ½ of a yard of string.
How many yards of string does Keisha need?" The hope was to develop competence with fraction WPs that relate more to multiplicative reasoning than the competing condition and thereby extend fourth graders' understanding of fractions (while creating the foundation for fifthgrade Common Core Standards involving multiplying and dividing with fractions). The contrast (additive) WP condition focused on fraction "increase" and "decrease" WPs. Examples of increase and decrease WPs, respectively, are: "Maria bought 1 4/10 pounds of candy. Later she bought another 3/10 of a pound of candy. How many pounds of candy does Maria have?" and "Jessica had 5/6 of a cake. She gave 2/6 of that cake to her friend. How much cake does Jessica have now?" These WP types represent fourth-grade Common Core State Standards and, in the present study, also controlled for instructional time in assessing the effects of the M-WP condition.
Our major outcomes, on which we pre-and posttested students, were the measurement interpretation of fractions, calculation skill (adding/subtracting fractions), released fraction items from the National Assessment of Educational Progress (NAEP; U.S. Department of Education, 2010; easy, medium, and hard fourth-grade items as well as easy eighth-grade items), and both types of WPs. We expected both intervention groups to outperform the typical school program on each outcome. Also in line with the NMAP's (2008) hypothesis, we expected that FRACTION INTERVENTION -7 improvement on the core program's major proximal outcome, the measurement interpretation of fractions, would mediate effects on the study's far-transfer measure of general fraction knowledge (NAEP), but that improvement in part-whole understanding would not mediate those effects.
In terms of fraction WP performance, we expected advantages between the two intervention conditions to be specific to the WP types targeted by the intervention conditions. At the same time, because fraction competence depends on multiplicative reasoning (Harel & Confrey, 1994) , we also expected children in the M-WP condition to perform better than children in the A-WP condition on the measurement interpretation of fractions (the near-transfer fraction understanding measure). Moreover, because A-WPs provided additional practice in adding and subtracting fractions (whereas solutions to M-WPs were derived using multiplicative arrays), we expected A-WP to show an advantage over the M-WP condition on our fraction calculations (adding/subtracting) measure.
Method Participants
We defined risk as performance below the 35 th percentile at the start of fourth grade on a broad-based calculations test ; Wilkinson & Robertson, 2006) . We sampled half the at-risk (AR) students from < the 15 th percentile; the other half between the 15 th and 34 th percentiles. Because this study was not about intellectual disability, we administered the 2-subtest Wechsler Abbreviated Scales of Intelligence (WASI; Wechsler, 1999) to students who met the risk criterion and excluded 18 children with T-scores below the 9 th percentile on both subtests. We sampled 3-9 AR students per class, stratifying by more versus less severe risk in each classroom. After WASI exclusions and children moving to non-study schools during pretesting, the sample comprised 231 AR students from 45 classrooms in 14 schools. We randomly assigned these students at the individual level, stratifying by class and risk severity, to the three study conditions: the core program with M-WP (n = 77), the core program with A-WP (n = 78), and business-as-usual control (n = 76). Of the 231 AR students, 18 moved (5 M-WP; 7 A-WP; 6 control) after random assignment to schools beyond the study's reach. These students did not differ statistically from the remaining AR students on pretest measures and did not differ significantly on any pretest measure by condition. We omitted these children, leaving 213 students in the final AR sample: 72 M-WP, 71 A-WP, and 70 control.
To understand the extent to which intervention versus control helped close achievement gaps, we compared AR students' year-end performance on group-administered fraction measures against performance of not-at-risk (NAR) classmates. We randomly sampled 339 NAR classmates (>34 th percentile) to represent each class in similar proportion to AR students. Among these NAR students, the 19 who moved did not differ from remaining students on pretest measures. We omitted them, leaving 320 in the NAR comparison group.
On the screening measure, NAR students performed reliably higher than each of the AR groups, which performed comparably. The mean WRAT standard score was 105.33 (SD = 7.03) for NAR; 85.08 (SD = 7.86) for M-WP; 85.58 (SD = 7.00) for A-WP; and 86.73 (SD = 7.66) for control. There were no significant differences among AR conditions on WASI IQ, with mean standard scores of 95.31 (SD = 10.92) for M-WP; 93.56 (SD = 11.14) for A-WP; and 96.44 (SD = 12.40) for control. The AR groups were demographically comparable. In M-WP, A-WP, and control, respectively, percentage of females was 54, 54, and 61; the percentage of English learners was 11, 23, and 16; percentage on subsidized lunch was 93, 86, and 86; and percentage receiving special education was 17, 17, and 10. In M-WP, percentages of African-American,
white, Hispanic, and other students were 57, 18, 21, and 4; 58, 10, 24, and 8; and in control, 59, 19, 17 , and 5 (all Hispanic students were white). We did not collect demographic data or individually administered test data on NAR students. (Because the study was not about NAR students, we judged it inappropriate to spend their school time on the individual assessment battery or to ask teachers to complete demographic forms on these students. Also, resources did not permit us to administer the individual test battery to an additional 290 children.)
Screening Measures
The mathematics screening measure was WRAT-4-Arithmetic (Wilkinson & Robertson, 2006) , with which students complete calculation problems of increasing difficulty. Alpha on this sample was .74. The IQ screening measure was the WASI (Weschler, 1999) , which includes two tests. With Vocabulary, students identify pictures and define words. With Matrix Reasoning, students select 1 of 5 options that best completes a visual pattern. Reliability exceeds .92.
Fraction Measures
To assess the measurement interpretation of fractions, we used Fraction Number Line (Hamlett, Schumacher, & Fuchs, 2011 , adapted from Siegler et al., 2011 , which requires students to place proper fractions, improper fractions, and mixed numbers on a number line labeled with endpoints (0 and 2). In each trial, a target fraction appears in a large font above the number line. Students practice with two fractions and then estimate the location of 20 items:
12/13, 7/9, 5/6, ¼, 2/3, ½, 1/19, 3/8, 7/4, 3/2, 4/3, 7/6, 15/8, 1 1/8, 1 1/5, 1 5/6, 1 2/4, 1 11/12, 5/5, and 1. Items are presented in random order. The score for each item is the absolute difference between the child's placement and the correct position. Scores are averaged across the 20 items and divided by 2. When multiplied by 100, scores are equivalent to the percent of absolute error (PAE), as reported in the literature. Lower scores indicate stronger performance FRACTION (but in some analyses, we multiplied scores by -1). Test-retest reliability, on a sample of 63 students across 2 weeks, was .80.
To index skill with fraction procedures, we administered two subtests from the 2012
Fraction Battery (Schumacher, Namkung, Malone, & Fuchs, 2012) . Fraction Addition includes five addition problems with like denominators and seven addition problems with unlike denominators, six presented vertically and six horizontally. Fraction Subtraction includes six subtraction problems with like denominators and six with unlike denominators, six presented vertically and six horizontally. For each subtest, administration is terminated when all but two students are finished. One point is awarded for finding the correct numerical answer; 2 if the item is appropriately reduced one time (7 items on addition; 8 items on subtraction); 3 if the item is appropriately reduced two times (1 subtraction item). We used the total score across the tests, which correlated .83. The maximum score is 41. Alpha on this sample was .91 -.94.
To index generalized learning about fractions, we administered 19 released items from 1990-2009 NAEP (U.S. Department of Education, 2010): easy, medium, or hard fraction items from the fourth-grade assessment and easy from the eighth-grade assessment. Testers read each problem aloud (with up to one rereading upon request). Eight items assess the part-whole interpretation (e.g., given a rectangle divided into six equal parts, students are directed to shade 1/3); nine assess measurement interpretation (e.g., given four lists of three fractions, students identify which are arranged from least to greatest); one requires subtraction with like denominators; and one asks how many fourths make a whole. Students select an answer from four choices (11 items); write an answer (3 items); shade a portion of a fraction (1item); mark a number line (2 items); write a short explanation (1 item); or write numbers, shade fractions, and 
Classroom Fraction Instruction
To describe classroom fraction instruction, we relied on two sources: our analysis of the 
Distinctions in Fraction Instruction among Conditions
See For helping students understand the relative magnitude of fractions, teachers relied most strongly on finding common denominators, an activity that can be but, as practiced in the present study's classrooms, was not typically focused on understanding why fractions have differing magnitudes. When combined with cross multiplying, a strategy that typically circumvents fraction understanding, teachers indicated ~50% of the instructional emphasis for understanding fraction magnitudes was procedural. Yet, teachers also reported almost comparable emphasis (43%) on activities/strategies that address meaningful ideas: thinking about relative placement on number lines, comparing fractions to benchmark fractions, using manipulatives, and considering the meaning of the numerator and denominator. Even so, 90% of intervention program's activities focused on these conceptual strategies for comparing fractions.
Teachers reported a variety of strategies to help students understand WP narratives:
drawing pictures, writing an equation, using words to explain thinking, and making tables to represent WP stories. They did, however, also indicate 16% of their instructional emphasis was key words, which can discourage deep thinking about WP narratives and often produce incorrect solutions (Schumacher & Fuchs, 2011) . By contrast, the A-WP condition did not address key words and instead relied largely on writing equations to represent the underlying WP structure, using words to explain thinking, and identifying problems as belonging to problem types. The M-WP condition shared the A-WP condition's emphasis on using words to explain thinking and identifying problems as belonging to problem types. However, instead of writing equations to represent the underlying WP structure, the M-WP condition taught students to use arrays to represent the multiplicative structure of WPs.
Therefore, there were four major distinctions between the control group versus the two intervention conditions. First, the control group focused mainly on part-whole understanding, whereas the intervention conditions emphasized the measurement interpretation of fractions.
Second, the control group addressed some advanced skills not covered in the intervention conditions (e.g., estimation). Third, the control group did not restrict the range of fractions, whereas intervention conditions limited the pool of denominators to 2, 3, 4, 5, 6, 8, 10, and 12 and the pool of equivalent fractions and reducing activities to 1/2, 1/3, ¼, 1/5, and 1/1. Fourth, control group WP instruction focused more on drawing pictures, making tables, and key words, while the intervention conditions focused more on using words to explain thinking, identifying problems as belonging to WP types, and representing the structure of WPs. To represent the structure of WPs, the M-WP and A-WP conditions differed: M-WP instruction relied on arrays;
A-WP instruction on number sentences.
The Two Intervention Conditions
Of each 35-min intervention session, 28 min were identical in the two intervention conditions. Each intervention condition was delivered in groups of two children. Tutors were full-or part-time employees of the research grant. Some were licensed teachers; most were not.
Each was responsible for 2-4 groups, distributed across the M-WP and A-WP conditions. To avoid contamination, we color coded materials, regularly monitored fidelity of implementation tapes (see below), and provided guidance in bi-weekly meetings (see below).
Tutors were initially trained in a week-long workshop. Follow-up trainings occurred biweekly for 1 hour to provide opportunities for (a) dynamic feedback as the fraction lessons
progressed in difficulty and (b) solving problems related to students' challenging behavior and skill-level differences in dyads. The intervention program, Fraction Face-Off! (Fuchs, Schumacher, Malone, & Fuchs, 2015) , was organized in a manual that included materials and lessons guides for the 36 lessons. Fraction Face-Off! is a revision of Fuchs et al. (2013; .
The lesson guides provide a model for each lesson and the language of explanations. Tutors reviewed but did not read from or memorize guides. Prior to delivering lessons, tutors practiced delivering lessons to fellow tutors. All this helped promote a high level of implementation fidelity while preserving teaching authenticity and responsiveness to student misunderstandings.
Content.
The focus on the measurement interpretation of fractions was achieved primarily through instruction and activities involving comparing, ordering, placing fractions on number lines, and equivalencies. To build on classroom instruction, this focus was preceded by attention to part-whole interpretation (e.g., showing objects with shaded regions) and equal sharing examples. Number lines, fraction tiles, and fraction circles were used throughout the 36 lessons. Initial instruction relied on a combination of part/whole relations and equal sharing; then, the focus emphasized measurement understanding. See Table 2 for the sequence in which topics were introduced. Note that (a) after a topic was introduced, it was cumulatively reviewed;
(b) ~85% of content was allocated to understanding fractions and WPs (rather than calculations);
and (c) A-WPs (but not M-WPs) required adding/subtracting fractions to find solutions. identifying whether numbers are proper fractions, improper fractions, or mixed numbers. In "The
Individual Contest" (5 min) and "The Scoreboard" (1 min), students independently completed
paper-pencil problems on that day's Training topics with cumulative review. Tutors scored work and provided corrective feedback. In the first three weeks, the Training and Relay were extended to account for the full 35 min. In the last 2 weeks, the Training and Relay were replaced with "The Fraction Championship," in which students competed by solving fraction problems of varying difficulty, with differing pre-determined point values.
Commonalities and Distinctions between the M-WP and A-WP Intervention Conditions
Instructional methods and fraction content in Training, The Relay, Sprint, The Individual Contest, and The Scoreboard were identical across the two intervention conditions. WP instruction occurred during the first (7-min) activity, The Word-Problem Warm-Up, when instruction focused on M-WPs or A-WPs, and one side of the Individual Contest differed to provide practice on M-WPs or A-WPs. The instructional approach to WPs in the two intervention conditions was rooted in schema-based instruction (e.g., Fuchs et al., 2003 Fuchs et al., , 2009 Fuchs et al., , 2010 Jitendra & Star, 2012; Jitendra, Star, Rodriguez, et al., 2011; Jitendra, Star, Starosta, et al., 2009 ), which teaches students to (a) identify WPs as belonging to WP types that share structural features and (b) represent the underlying structure of the WP type with a number sentence (e.g., Fuchs et al., 2003 Fuchs et al., , 2009 Fuchs et al., , 2010 or visual display (e.g., Jitendra & Star, 2012 , Jitendra, Star, Rodriguez, et al., 2011 Jitendra, Star, Starosta, et al., 2009) . In both conditions, once both WP types in that condition had been taught, we embedded distractor WPs in practice. These distractor WPs required students to identify the larger or smaller fraction. The goal was to increase students' ability to recognize non-examples of the taught WPs types and decrease the tendency to overgeneralize the taught WP-solving strategies.
Multiplicative Reasoning (M-WP) condition. The two M-WP types taught were "Splitting" and "Grouping" WPs. Splitting WPs were introduced first, with an intact story (no missing value) describing a "Splitting" problem. For example, "Melissa had two lemons. She cut each lemon in half. Now she has 4 pieces of lemon." Tutors presented the intact story and used fraction circles (units and halves) to show the meaning of the narrative: two lemons, cut in half, resulting in 4 pieces. Then, the tutor presented the same story, but substituting the final sentence with a question asking, "How many pieces of lemon did she have now?" Tutors completed a worked example, providing a rationale for each step of the WP-solving strategy and used fraction circles to explain solution methods. To wrap up the lesson, tutors explained that WPs with the same structure as the "Melissa" problem are called "Splitting" WPs: a WP describing a unit being cut, divided, or split into equal parts. Tutors also explained that whenever students identify a Splitting WP, they should use the Splitting WP solution strategy they will learn and practice.
On the second day of WP instruction, tutors reviewed the underlying structure of the Splitting WP type. Then, they presented a novel Splitting problem and asked students to name it and explain why it was a Splitting problem. Tutors taught a series of strategic steps to help students organize their papers, synthesize information in the WP, and solve the problem. First, students underlined the unknown. Second, they identified the units and the size of each piece and
labeled these "U" and "S" in the WP. Third, students created an array to represent the underlying structure of the splitting WP type. Fourth, students entered the array information provided in the WP to show each unit divided into fractional pieces (e.g., for each unit divided into fifths, 1/5 was written to represent each piece for each unit). Finally, students solved the WP and wrote their numerical answer and word label.
Instruction focused on Splitting problems for the first three weeks of the Word-Problem
Warm-Up activity (Lessons 7-15 of the larger program). After two days, students practiced one WP per day during Warm-Up. To challenge and extend students' identification of Splitting WPs and encourage flexibility in the WP-solving strategies we had taught, we incorporated transfer features that altered the typical language in splitting WPs. We taught students to recognize different vocabulary, where we taught students synonyms for pieces (e.g., wedges, slices). We taught students to recognize a different, unfamiliar question format. For example, consider this Splitting WP: The relay race is 4 miles. Each leg of the race is ½ mile. How many kids do we need to run the relay race? It has novel vocabulary and a novel question because there are no familiar vocabulary words initiating a Splitting or dividing action and because kids, the "pieces" in this WP, are not typically thought of as pieces.
In Lesson 16 of the larger program, tutors introduced "Grouping" problems (e.g., Keisha wants to make 8 necklaces for friend. For each necklace, she needs ½ of a yard of string. How many yards of string does Keisha need?), using parallel methods but with two major distinctions that clarified the underlying structure of Grouping problems. First, students identified "items"
(instead of units), which refers to how many fractional pieces are needed. Second, the array was Decrease problems were introduced in Lesson 13, again using parallel methods. Tutors taught students to distinguish Increase from Decrease WPs by focusing on the action in the story.
We used similar cover stories to highlight the underlying structural differences. In Lesson 19 of the larger program, instruction focused on discriminating between the two WP types. We increased difficulty by incorporating mixed numbers (rather than by addressing vocabulary or language transfer features). We incorporated the same distractor problems to increase students' ability to recognize non-examples of Increase and Decrease problems. After both WP types were taught and practiced, the warm-up activity focused on cumulative review.
The M-WP and A-WP conditions were distinguished by the mathematical structure of the WPs. Students followed a similar set of WP-solving strategies in the competing conditions.
These strategies taught students to synthesize WP information in ways that focused on the underlying structure of the WP, name the WP type, organize their papers, center WP-solving on an array (for M-WPs) or number sentence (for A-WPs) that represented in the underlying FRACTION INTERVENTION -21 structure of the WP type, and show their work numerically while using words to underscore their WP-solving thinking process. Teaching in this way aligns to the CCSS and prompts students to demonstrate understanding. One major difference between conditions was that instruction for the M-WP condition taught students to represent the underlying structure of the WPs by constructing an array, whereas A-WP instruction taught students to use a number sentence. This distinction was necessary given the nature of the underlying structure of the WP types and the processes required to solve the different WP types.
Promoting Task-Oriented Behavior in Both Intervention Conditions
We encouraged students to regulate attention/behavior and work hard. Tutors taught students that on-task behavior means listening carefully, working hard, and following directions and that on-task behavior is important for learning. Tutors set a timer to beep at three unpredictable times during each lesson, so students could not anticipate intervals. If all students were on task when the timer beeped, all students received a checkmark (if any one student was off task, no one earned a checkmark). Students also earned check marks for correct work as follows. For The Individual Contest, two bonus point problems were pre-designated to tutors (one on fraction content and one on WPs). Students were not told which problems would earn a bonus point until all students completed work. During the Scoreboard activity, tutors tallied checkmarks and awarded students a "half dollar" for each checkmark earned and each correct bonus problem. During Sprint, students earned a dollar or whole dollar, depending on the number of days it matched or exceeded the previous week's score. On the last session of each week, tutors opened the "Fraction Store," where students spent earnings on small prizes ($1, $7, $13, or $20). Students exchanged half dollars for whole dollars to determine which prizes they 
Procedure
As per the study design and the Institutional Review Board, we did not administer individual assessments or collect demographic data on NAR classmates. The study occurred in four steps. In August/September, for screening, testers administered the WRAT in large groups and then administered the WASI individually to students who met the WRAT criterion for AR 
Results
See Table 3 for pretest, posttest, and posttest means adjusted for pretest scores on the fraction outcome measures for the AR conditions and for NAR classmates. In the last three columns, Table 3 also shows the magnitude of the pretest and posttest achievement gaps (with respect to NAR classmates) for each AR condition. These gaps are expressed as effect sizes (raw score difference in means, divided by the NAR students' SD). Table 4 shows results of analyses testing intervention effects and effect sizes comparing the three AR conditions (differences in adjusted posttest scores divided by the pooled posttest SD). Table 5 shows means and SDs for and correlations among measures used in the mediation analyses for AR students.
Preliminary Analyses
We first conducted preliminary analyses to evaluate the nested structure of the data (i.e., a cross-classified partially nested design in which nesting occurred at the classroom level for all three AR conditions and at the tutoring-group level for the two tutoring conditions). We began by estimating the proportion of variance in each fraction outcome measure due to classrooms and to tutoring groups. For classrooms and tutoring groups, respectively, these intraclass correlations were negligible to small (~.00 and ~.00 for number line; .04 and .01 for calculations; .01 and .05 for NAEP; ~.00 and ~.00 for M-WPs, and ~.00 and .02 for A-WPs). Then, we examined the random effects model for only the two active tutoring conditions while accounting for the nesting involved in the tutoring groups. Results indicated the random effects due to tutoring clusters could be ignored. Next, having dropped the tutoring clusters and addressing all three AR groups FRACTION INTERVENTION -24 together, we ran multilevel regression models examining intervention effects on each fraction outcome while accounting for nesting at the classroom level. Results did not alter any inferences based on single-level models. Given these results along with the fact that random assignment was conducted at the individual student level, we report single-level analyses.
We then confirmed that pretest performance of the three AR groups on each fraction measure was comparable. Next, because we relied on a residualized change approach to analyze effects of study condition (i.e., covarying pretest performance to reduce within-group error variance), we assessed the homogeneity of regression assumption, which was met for all measures except M-WPs, F(2,207) = 21.80, p < .001. Therefore, in the model involving that measure, we controlled for the interaction between pretest M-WP scores and condition.
Does Intervention Enhance the Measurement Interpretation of Fractions, Fraction

Calculations, and Generalized Fraction Knowledge over Control Group Performance?
To test our first hypothesis, that intervention results in superior learning compared to the business-as-usual condition, we conducted 1-way analyses of covariance (with treatment condition as the factor) on each fraction outcome, while controlling for the pretest score on the relevant measure. (For the M-WP outcome, we also controlled for the interaction between pretest and condition.) As shown in Table 4 and Figure 1 , the intervention effect was significant on each outcome. To evaluate pairwise comparisons for significant effects, we used the Fisher least significant difference post hoc procedure (Seaman, Levin, & Serlin, l991) . Posttest scores on number line, NAEP, and calculations, controlled for pretest scores, were stronger for each of the two intervention conditions compared to the control group. Effects sizes (ESs; difference between adjusted means, divided by the pooled unadjusted SD) favored M-WP over control group and ranged from 0.44 to 1.22; ESs favoring A-WP over control ranged from 0.33 to 1.70.
FRACTION INTERVENTION -25
So in support of the first hypothesis, the fraction learning of each intervention condition exceeded that of the control group on each measure.
Does Improvement in the Measurement Interpretation of Fractions Mediate the Effects of Intervention versus Control?
To assess our second hypothesis, that improvement in the measurement understanding of fractions mediates the effects of intervention over control, we followed Preacher and Hayes (2008) and Hayes and Matthes (2009) , using an ordinary least squares path analytical framework.
For the indirect effect, we used bootstrapping estimation with 5000 draws to estimate standard errors and 95% confidence intervals; confidence intervals that do not cover zero are statistically significant. For this analysis, we contrasted control against intervention (i.e., combined the two intervention conditions into one group) and used standard scores. We focused on the NAEP outcome because NAEP is the most multi-faceted, distal, generalized outcome of fraction knowledge in the present study. To index the mediator variable, improvement (i.e., pretest to posttest gain) in the measurement interpretation of fractions, we relied on the number line task because it is a widely used and accepted measure of this construct (e.g., Siegler et al., 2011; Siegler & Pyke, 2013) . We multiplied number line scores by -1 to simplify interpretation.
For path analytic mediation analysis, the causal steps involve the following series of statistical relations. First, the independent variable (the effect of intervention vs. control) must be associated with the dependent variable (NAEP). This is the c path. It establishes an effect to mediate. Second, the independent variable must be associated with the mediator. This is the a path, which provides a test of the action theory. Third, the mediator must affect the dependent variable. This b path substantiates that the mediator is related to the dependent variable. Fourth, the indirect (or mediated) effect, which is the product of the a and b paths (a * b), must be
significant. This is equivalent to testing whether adding the mediator changes the relation between the independent and dependent variable (c is the relation before the mediator is added; c ' is the relation after the mediator is added). If so, showing the direct effect is no longer significant in the face of a significant indirect effect provides evidence for complete mediation; if the direct effect remains significant in the face of a significant indirect effect, the mediation effect is partial. Identifying whether the direct effects of intervention are mediated by the measurement interpretation of fractions provides insights into the process by which intervention effects occur (but we remind readers that mediation analyses are correlational; so causation should not be inferred). We could not use an analogous method to assess the mediating role of improvement in partwhole understanding on the NAEP outcome, because our only index of part-whole understanding was based on a subset of the NAEP items. We therefore contrasted two additional analyses, in 
What Are the Effects of M-WP Versus A-WP Intervention?
See Table 3 
Discussion
In the present study, we investigated the efficacy of a core intervention program for improving at-risk fourth graders' fraction performance. We designed the intervention and the study to gain insight whether an instructional focus on the measurement interpretation of fractions produces stronger learning than the dominant approach in the U.S., which focuses mainly on the part-whole interpretation of fractions (as in the control condition). Given this interest, we also assessed whether student improvement in the measurement interpretation or in the part-whole interpretation of fractions mediated the effects of intervention versus control.
FRACTION INTERVENTION -29
We also extended our previous work by isolating the effects of fraction intervention designed to enhance performance on multiplicative WPs by randomly assigning intervention students to two versions of the core program: one with a module on multiplicative WPs; the other with a module on additive WPs. Previously, the topic of fraction WPs had been neglected in research conducted at fourth grade. Moreover, by including a contrast condition focused on additive WPs, we created a more stringent test of fraction WP intervention than previously had been conducted at the higher grades.
Intervention Efficacy and the Mediator of Those Effects
On the number line task, our proximal measure of students' measurement interpretation of fractions, the two intervention conditions, each focused on the measurement interpretation of fractions, outperformed the control group, which allocated greater emphasis to the part-whole interpretation of fractions. ESs were large for each intervention condition over control (0.88 and 1.10). The number line task is an important outcome in its own right, given that the accuracy of placing fractions on a number line is a strong predictor of fraction learning between grades 3 and 5 Vukovic et al., 2014) and more advanced mathematics achievement including algebra (e.g., Siegler et al., 2012) .
Although the computer task used for pre-and posttesting was similarly novel in all conditions, intervention students engaged in number line activities more than control group students. So it is important that both intervention conditions also demonstrated large advantages over the control group on calculations (ESs = 1.06 and 1.10), even though control group instruction allocated more time to calculations than did the intervention conditions. As in earlier work Hecht et al., 2003; Mazzocco & Devlin, 2008; Ni & Zhou, 2005; Rittle-Johnson et al., 2001) , this suggests that understanding of fractions is important for learning   FRACTION INTERVENTION -30 accurate fraction procedures. Moreover, on the calculation measure (where we also had data on NAR classmates), the achievement gap of intervention students decreased. At pretest, the gap was almost a full SD below that of low-risk classmates; at posttest, it was somewhat above NAR classmates. By contrast, the achievement gap for control group students remained approximately constant in that time frame, with ESs of -0.94 at pretest and -0.84 at posttest (see Table 3 ).
Closing the achievement gap for intervention students, while the achievement gap remained large for control students, is especially noteworthy for two reasons. First, as mentioned, control group students received more instruction on fraction calculations than the intervention groups. Second, control group instruction was guided by current and well thought of instructional design: a combination of the ambitious CCSS and a basal program the WWC considers a "potentially effective program" -with stronger demonstrated outcomes than contrasting basal programs (Resendez & Azrin, 2009 ).
Therefore, across our two proximal measures, the accuracy of number line placement and adding/subtraction fractions, the present study corroborates previous findings supporting the efficacy of the core program Fuchs et al., 2014) . More generally, results provide support for an instructional approach focused on the measurement interpretation of fractions. Such support is further strengthened by two additional findings. First, effects were reliably stronger for each of the intervention conditions over the control group on the present study's more distal and multi-faceted outcome, the NAEP (we return to this point later). Second, mediation analyses indicated that improvement on the number line measure completely mediated the effect of intervention versus control on the total NAEP score. In exploratory fashion, we also "competed" improvement in the measurement interpretation against improvement in part-whole understanding as mediators of the intervention's effect on total NAEP, which included items The measurement interpretation, by contrast, reflects cardinal size; is often (but not exclusively)
represented with number lines (e.g., Siegler et al., 2011) ; and depends on formal instruction. The
NMAP (2008) hypothesized that improvement in measurement interpretation is an important mechanism explaining the development of fraction knowledge and recommended that fraction instruction be reoriented in this direction. Our findings support that hypothesis, while corroborating recent prior work .
At the same time, because NAEP was the most distal measure in the present study, covering multi-faceted forms of fraction knowledge as well as response formats not addressed during intervention, it is not surprising that ESs (0.44 and 0.33) were smaller compared to ESs on more proximal measures (which ranged between 0.88 and 1.10). Even so, NAEP effects were significant and were in the moderate range according to the WWC's guidelines. Moreover, the Our second purpose was to consider whether a multiplicative WP module, which we incorporated within the core program, provided added value over a WP component requiring additive thinking. M-WPs were of central interest because multiplicative thinking is foundational to fraction knowledge and can be difficult to achieve. This is the case for whole numbers, but extending that understanding to multiplicative situations involving fractions is a major source of difficulty for many students. This is because multiplying fractions typically produces smaller quantities and dividing fractions results in larger amounts, which violates expectations based on whole numbers. In focusing on "splitting" and "grouping" WPs, which involve multiplicative thinking, our hope was not only to develop competence with fraction WPs that involve multiplicative reasoning, but also to extend fourth graders' understanding of fractions.
To control for the instructional time allocated to the M-WP condition, the A-WP condition addressed fourth-grade CCSS focused on additive thinking (i.e., fraction "increase"
and "decrease" WPs). Beyond the distinction between multiplicative versus additive thinking, a second major difference between conditions was that M-WP instruction taught students to represent the underlying structure of the WPs by constructing an array, whereas A-WP instruction taught students to use a number sentence. This distinction was necessary given the nature of the underlying structure of the WP types and the processes required to solve the different WP types, but we note that this second distinction may also contribute to results.
We expected an advantage on multiplicative WPs for the M-WP condition over the A-WP condition, but we also hypothesized stronger fraction understanding, at least on our proximal number line measure. After all, placing fractions on the number line involves comparing fractions to benchmark values (e.g., ½ or ¼), and such transformations require multiplicative
thinking (e.g., to place 3/8, students find an equivalent fraction to ½, a benchmark fraction, with 8 in the denominator; then they place 3/8 somewhat less than half way between 0 and 1).
The instructional approach to WPs in the two intervention conditions was rooted in schema-based instruction (e.g., Fuchs et al., 2003 Fuchs et al., , 2009 Fuchs et al., , 2010 Jitendra & Star, 2012; Jitendra, Star, Rodriguez, et al., 2011; Jitendra, Star, Starosta, et al., 2009) , an approach that teaches students to identify WPs as belonging to WP types that share structural features (splitting and grouping WP types in M-WP; increase and decrease WP types in A-WP). As with schema-based instruction, students are also taught to represent the underlying structure of the WP type with a number sentence (e.g., Fuchs et al., 2003 Fuchs et al., , 2009 Fuchs et al., , 2010 or visual display (e.g., Jitendra & Star, 2012 , Jitendra, Star, Rodriguez, et al., 2011 Jitendra, Star, Starosta, et al., 2009 ). These schemabased design principles constituted 64% of the WP instructional emphasis in the two intervention conditions. By contrast, the control group allocated no attention to these schema-based instructional design principles.
Effects on WP outcomes were as we hypothesized. On M-WPs, the multiplicative WP More generally, findings suggest the efficacy of schema-based intervention for improving students' WP performance. This corroborates previous work conducted on whole-number WPs (e.g., Fuchs et al., 2003 Fuchs et al., , 2009 Fuchs et al., , 2010 as well as research at higher grades focused on rational numbers (e.g., Jitendra & Star, 2012; Jitendra, Star, Rodriguez, et al., 2011; Jitendra, Star, Starosta, et al., 2009) . Fraction WPs are especially important because on the one hand fraction knowledge is foundational for more advanced mathematics and because on the other hand WPs are the best school-age predictor of employment and wages in adulthood (e.g., Every Child a Chance Trust, 2009; Parsons & Bynner, 1997; Murnane et al., 2001) . Adding/subtracting mixed numbers Removal of ½ from 0-1 and 0-2 number lines Removal of 1 from 0-2 number lines Equivalencies for 1/3, ¼, and 1/5 via multiplication 11-12 Review ______________________________________________________________________________ a After a topic was introduced, cumulative review occurred thereafter. Note that none of the number line activities relied on computers, as done in the pre/posttest assessment task. (Schumacher et al., 2012) . A-WPs is Arithmetic Word Problems (Schumacher et al., 2012) . (Schumacher et al., 2012) . A-WPs is Arithmetic Word Problems (Schumacher et al., 2012) . 
